Significant quantities of tetracarboxylic porphyrins are excreted in the urine and faeces of patients with porphyria cutanea tarda or hepatoerythrocytic porphyria, and in the urine and faeces of rats poisoned with hexachlorobenzene. These porphyrins consist largely of coproporphyrin I (1 a), coproporphyrin III (2a), isocoproporphyrin (3a) and de-ethylisocoproporphyrin (4a), together with smaller amounts of dehydroisocoproporphyrin (Sa) and the hydroxyethyl analogue (6a) of isocoproporphyrin (Elder, 1972 (Elder, , 1974 Stoll et al., 1973) . Isocoproporphyrin (3a) and its congeners (4a) and (6a) are thought to be formed by reduction, devinylation and hydration respectively of the dehydroisocoproporphyrin (Sa); the dehydroisocoproporphyrin is formed from the corresponding porphyrinogen, which in turn arises by action of coproporphyrinogen oxidative decarboxylase on the normal pentacarboxylic porphyrinogen precursor (7b) of coproporphyrinogen III (2b) . Evidence for this suggestion has been provided by the demonstration that isocoproporphyrinogen (3b), de-ethylisocoproporphyrinogen (4b) and dehydroisocoproporphyrinogen (Sb) (as well as coproporphyrinogen-III) are all substrates for the mixed enzyme system in chicken haemolysates (uroporphyrinogen decarboxylase and coproporphyrinogen oxidative decarboxylase) (Jackson et al., 1980) and give rise ultimately to the corresponding dicarboxylic porphyrins (8a), (9a) and (i0a). We also suggested that when overproduction of the pentacarboxylic porphyrinogen (7a) occurs (as in certain types of porphyria) it might be degraded by an alternative pathway via dehydroisocoproporphyrinogen (Sb) to protoporphyrin IX (lOa) as well as by the normal route via coproporphyrinogen III (2a) (Jackson Abbreviation used: h.p.l.c., high-pressure al., 1980) . In the present paper we describe further detailed studies of the tetracarboxylic porphyrins formed in vivo in porphyric patients, and rats, by using h.p.l.c. methods.
Materials
Coproporphyrin I and coproporphyrin III tetramethyl esters were synthesized by established procedures (cf. Jackson et al., 1972) Jackson & Smith, 1973; Clezy & Jackson, 1978) .
Analytically pure solvents [methanol, ethyl acetate, hexane, heptane and light petroleum (b.p. 60-800C)l were purchased from BDH Chemicals and used without further purification. Hypersil was obtained from Phase Separations (Deeside, Clwyd, Wales, U.K.).
Experimental
Porphyrins were isolated from the urine and faeces of porphyric patients and rats, as their methyl esters, by following established methods (With, 1958; Smith, 1975 Smith, , 1977 . Thus the urinary porphyrins were adsorbed on talc, and then converted into their methyl esters by treatment of the talc with methanol/conc. H2SO4 (19: 1, v/v) . and faecal sources were isolated by dilution of the methanol/H2SO4 extracts with distilled water followed by extraction with chloroform. The extracts in each case were washed with dilute NaHCO3 solution and water before being dried (over MgSO4) and evaporated to dryness. After preliminary purification by column chromatography on alumina the crude mixtures of porphyrin esters were applied to thick-layer chromatography plates (20 cm x 20 cm) and developed in the solvent system toluene/ethyl acetate/ethanol (16:3:1, by vol.). The bands corresponding to the coproporphyrin and to the isocoproporphyrin fractions (RFO.6 and 0.7 respectively) were scraped off the plates and extracted into chloroform containing small amounts of ethanol, and after filtration the solvent was removed under reduced pressure and the residues were examined by spectroscopic methods and by t.l.c. (Smith, 1977) and h.p.l.c. The fielddesorption mass spectra of the crude isocoproporphyrin preparations and of the synthetic porphyrins were obtained by using a Varian CH5D mass spectrometer with an emitter wire current of 20uA, and the spectra were recorded on a Statos 600 data system. H.p.l.c. analyses were performed with a Waters 6000A dual reciprocating pump, a Cecil Ce272 u.v.-visible spectrophotometer set at 404nm and a 250mm x 4.9mm stainless-steel column packed with 5,um Hypersil. Details of the solvent system used are described below.
Results and discussion
The field-desorption mass spectrum of the isocoproporphyrin fraction obtained from the urine of a patient with the clinical characteristics of porphyria cutanea tarda revealed a molecular ion at m/z 683 corresponding to the (M+ 1)+ ion of de-ethyl-1982 ( isocoproporphyrin tetramethyl ester (4c), but the ion at m/z 711 expected for isocoproporphyrin tetramethyl ester (3c) was of negligible intensity ( Fig. 1) .
On the other hand, the isocoproporphyrin fraction from the faecal extract showed an ion at m/z 683 as the main peak, and also a peak of moderate intensity at m/z 711, indicating clearly that it contained both isocoproporphyrin and de-ethylisocoproporphyrin tetramethyl esters (3c) and (4c Fig. 2 showed typical separations obtained for the urine, faecal and bile isocoproporphyrin fractions, and comparisons with a synthetic mixture. The isocoproporphyrin fractions obtained from a number of patients with porphyria cutanea tarda or hepatoerythrocytic porphyria, as well as from hexachlorobenzene-poisoned rats, were screened by this new h.p.l.c. technique. In accord with earlier preliminary t.l.c. studies of a patient with porphyria cutanea tarda (Smith, 1977) , it was found that the isocoproporphyrin fraction obtained from urine contained essentially only de-ethylisocoproporphyrin (4a). The faecal extracts contained mainly de-ethylisocoproporphyrin (4a) with about 20% of isocoproporphyrin (4a). Very similar results were observed with extracts from all three sources, i.e. patients with porphyria as well as the poisoned rats. This pattern appears to be typical of a classic disorder, and, although we were unable to obtain many samples from bile, with the patients with porphyria cutanea tarda, at least, virtually the only porphyrin observed was dehydroisocoproporphyrin (5a). It thus seems that bile, or liver, could be the main pool in which the dehydroisocoproporphyrin (5a) for the corresponding porphyrinogen (5b)] is formed, and that this compound is subsequently degraded by micro-organisms in the intestine to isocoproporphyrin (3a) and de-ethylisocopro- Fig. 3 . Although partial separations of the isocoproporphyrin fraction can also be obtained in this system, complete separation has only been achieved by the system shown in Fig. 2 
